(1) Primary isolation in: (a) Brucella Agar (BBL 11086) supplemented with Hemin (5 ,g/ml); vitamin K, (10 ,g/ml) and 5% sheep blood; (b) Thioglycollate broth (BBL 11720-135 C) supplemented with Hemin (5 ,.g/ml) Ca CO3 chip, 5 % Filles extract (Difco), vitamin K, (0.1 ,ug/ml) and Na HCO3 (1 Ag/ml); (c) Blood Agar Plate (Tryptic Soy Agar Difco with 5% sheep blood); (d) kanamycin vancomycin laked blood Agar (brain heart infusion Agar Difco; Hemin (5 ,ug/ml), vitamin K, (10 ,ug/ ml), kanamycin (100 ,ug/ml), vancomycin (7-5 ,g/ ml), and 5% laked sheep blood).
Complicated pneumoconiosis is characterised by the presence of pulmonary masses exceeding 1 cm in diameter. Cavitation is a complication of these large masses. The importance of mycobacteria as a cause of cavitation has long been recognised,' other suggested factors being ischaemic or aseptic necrosis. 2 In this paper we descibe for the first time the role of anaerobes in the cavitation process of conglomerate masses in the lungs of coal miners.
Material and methods
All the patients studied had worked in coal mining and had not been treated with antibiotics for at least 72 hours before the bacteriological studies were performed. X-ray findings were evaluated by two independent readers using the Cincinnnati Classification. 3 The patient was considered to have large masses of progressive massive fibrosis if the following criteria were present: (1) abnormal shadows exceeding 1 cm across, (2) (1) Primary isolation in: (a) Brucella Agar (BBL 11086) supplemented with Hemin (5 ,g/ml); vitamin K, (10 ,g/ml) and 5% sheep blood; (b) Thioglycollate broth (BBL 11720-135 C) supplemented with Hemin (5 ,.g/ml) Ca CO3 chip, 5 % Filles extract (Difco), vitamin K, (0.1 ,ug/ml) and Na HCO3 (1 Ag/ml); (c) Blood Agar Plate (Tryptic Soy Agar Difco with 5% sheep blood); (d) kanamycin vancomycin laked blood Agar (brain heart infusion Agar Difco; Hemin (5 ,ug/ml), vitamin K, (10 ,ug/ ml), kanamycin (100 ,ug/ml), vancomycin (7-5 ,g/ ml), and 5% laked sheep blood).
The brucella agar, the kanamycin-vancomycin laked blood Agar He was in hospital because of constitutional symptoms, cough, purulent sputum, and dyspnoea during the past three months. Five days before entering hospital he complained of right pleuritic pain, melanoptysis, and a temperature of 38°C.
Examination showed labial herpes, teeth in poor condition, crackles, and bronchophony in the right axilla. Temperature was 39°C and the Mantoux test result was negative with 250 IU of purified protein derivative (PPD). There was polymorphonuclear leucocytosis (15.9 x 109/l). Erythrocyte sedimentation rate early in the morning was 111 mm/h. Five Ziehl-Neelsen sputum smears and sputum cultures in Lowenstein-Jensen medium gave negative results.
Bilaterally cavitated masses were seen in the chest radiograph and in tomograms (fig 1) .
Peptostreptoccoci sensitive to penicillin and clindamycin were cultured from the transtracheal specimen. The patient was treated with these antibiotics at a dosage of 8 x 106 U/day and 1200 mg/ day respectively with pronounced clinical improvement but persistence of the cavities. CASE 
2
A 57-year-old coal miner who had been a driller for 14 years was diagnosed as having complicated pneumoconiosis with category C masses. He had had a chronic cough for the past 15 years and was in hospital because of a history of coughing, dyspnoea, and melanoptysis for two weeks. The only notable finding on examination was bronchophony in the upper third of the back of the right hemithorax. Temperature was 37-6°C and the Mantoux test result was 12 mm in diameter with 1 IU of PPD.
Haemoglobin was 12 g/dl, leucocytes 8-7 x 109/1. The ESR early in the morning was 96 mm/h. Five Ziehl-Neelsen smears of sputum and three cultures in Lowenstein-Jensen medium gave negative results. The chest radiograph showed cavitation with fluid level in the right upper lobe (fig 2) .
Bacteroides melaninogenicus and peptostreptococci sensitive to clindamycin were grown from the transtracheal culture. The patient was treated with clindamycin, 500 mg every six hours for three weeks. His condition improved and the melanoptysis and the fluid level disappeared. CASE 3 This 45-year-old man who was a non-smoker and did not drink alcohol had received treatment for grand mal epilepsy since he was 15. He had worked in coal mines for eight years as a shorer, two years as a tub operator, and one year as a face worker. Diagnosed in 1967 as having complicated pneumoconiosis, category C, and suspected of pulmonary tuberculosis, without bacteriological confirmation, he was given antituberculous chemotherapy for three years. del Campo, Hitado, Gea, Colmeiro, Lanza, Munioz, and Mosquera U/day, and clindamycin 1.5 g/day for 23 days with good clinical response, but with persistence of a bronchopleural fistula and the cavitation until now, 10 months after admission to hospital (fig 3) . CASE 4 This 53-year-old man had been a coal miner for 32 years, 27 years as a face worker. He was diagnosed in 1969 as having pneumoconiosis, category B and was admitted to hospital in 1980 because of right pleuritic pain and dyspnoea for five days. Two months before admission he had had constitutional symptoms-cough, melanoptysis, and haemoptysis.
Radiography at that time showed cavitation in the right upper mass.
Examination showed teeth in poor condition, putrid sputum, and generalised reduction of breath sounds. Temperature was 39°C and the Mantoux test result was 11 mm in diameter with 1 IU of PPD.
Haemoglobin was 14-3 g/dl and leucocytes 9-2 x 109/1. ESR early in the morning was 116 mm/h. Five Ziehl-Neelsen smears of sputum and three cultures in Lowenstein-Jensen medium gave negative results.
The chest radiograph showed increased cavitation of the mass in the right upper lobe (fig 4) . A transtracheal puncture was performed and bacteroides strains sensitive to penicillin, clindamycin, and chloramphenicol were grown from the aspirate. Treatment was started with penicillin 12 million U/day. Five days later the patient's condition deteriorated and the radiograph showed multiple fluid levels in the right upper lobe. The patient required mechanical ventilation for six days, with the addition of clindamycin 1-5 g every 24 hours which had to be discontinued five days later because of diarrhoea. Thirty days after admission to hospital the radiograph showed right pleural effusion from which a foul smelling fluid containing B fragilis was obtained. The empyema was treated with thoracic drainage, and chloramphenicol, 3 g a day by mouth, was added. After 115 days in hospital he was discharged clinically asymptomatic, the cavities had disappeared from the chest radiograph, and only slight pleural thickening on the right persisted.
During his stay in hospital the patient was treated with sodium penicillin G between 12 x 106 and 18 x .106 U/day for 110 days, clindamycin 1 5 g a day for five days, and chloramphenicol 3 g a day for 53 days. CASE 5 This 79-year-old man who had worked at the coal face for 24 years was diagnosed in 1950 as having complicated pneumoconiosis, category C. He had had a chronic cough for 30 years and progressive dyspnoea for 12. He was admitted to hospital because of the development during a one-week period of increased dyspnoea, cough, melanoptysis, and irregular pyrexia up to 39°C.
Examination showed a global reduction of breath sounds and basal wheezing. Temperature on admission was 38-80C and the Mantoux test result was negative with 1 IU of PPD. Haemoglobin was 14.4 g/dl, leucocytes 14-2 x 109/1. ESR early in the morning was 80 mm/h. Four Ziehl-Neelsen smears of sputum and a culture in Lowenstein-Jensen medium gave negative results. The chest radiograph showed no change in category C massive fibrosis. On the eighth day in hospital the sputum became putrid and the chest radiograph showed cavitation with fluid level in the fibrotic mass on the left side. A transtracheal puncture was performed and peptostreptococci, B fragilis, B melaninogenicus, and Escherichia coli grew in culture of the aspirate. B fragilis grew in blood cultures. The patient was treated with chloramphenicol (4 g/day) associated with metronidazole (1-5 g/day). Progress was satisfactory with clearing of the sputum and disappearance of the fever. The mass and its cavity diminished notably after treatment.
Discussion
Sufficient exposure to a dusty atmosphere may lead to the appearance of micronodular pneumoconiosis that does not produce problems. Out of our miners, 13-9%9 acquired large masses, one complication of which is cavitation. It has been recognised that mycobacteria can cause cavitation.'" In the remaining cases the search for bacteria has generally been fruitless. It was thought that liquefaction of the masses was caused by ischaemic or aseptic necrosis, " I for which no treatment was required. Five cases are described in which sputum culture for mycobacteria was negative, but cavitation of the pulmonary masses was accompanied by infection with anaerobic bacteria. One patient developed respiratory failure, two had empyema, and all responded to antibiotics. When massive fibrosis is complicated by infection, whether tuberculous or anaerobic, prompt and appropriate treatment is required.
The role of anaerobes as necrotising agents of pulmonary tissue is well known, and increasingly recognised. '2-'4 In this area necrotising pneumonias and empyemas caused by anaerobes are often encountered in coal miners. When they have pneumoconiosis the resultant bronchial distortion, or ischaemia of fibrotic masses, favours the growth of these micro-organisms. In our patients the role of aspiration of mouth anaerobes had an important role as the likely source of infection: two had dental sepsis, one drank regularly, and one was an epileptic. Only occasionally have others reported the formation of abscesses in the conglomerate masses by non-mycobacterial organisms. '5 There are two reasons why they have been overlooked. Firstly, because the technical difficulties of cultivating these micro-organisms has caused them to be practically forgotten'8 despite the fact that they were the first to be described by Pasteur, and their pathogenic role was recognised in the last century. The simplification and standardisation of culture methods in recent years has permitted their rediscovery. Secondly, transtracheal puncture, by preventing contamination in the oropharynx, has played an important part in improving the identification of the micro-organisms responsible for pulmonary lesions. 19 20 We conclude that anaerobes should be considered as one of the factors that cause cavitated pneumoconiosis, but that their prevalence must be determined in future studies.
